Spinodal demixing of systems into two phases having very different viscosities leads to viscoelastic networks, i.e. gels. Here we consider demixing in a colloidal system where one phase is a nematic liquid crystal with a strongly anisotropic viscosity. We combine real space analysis of a sepiolite clay system with molecular dynamics computer simulation. We find a long-lived network with many of the characteristics of a colloidal gel. Remarkably the anisotropic viscosity means that flow is possible within the nematic network, but only along the network, which thus preserves its structure, leading to a new form of anisotropic gel. Our system presents a further novel property, in that it is comprised of hard particles. Thus our dynamically anisotropic gels form in the absence of attraction between the particles. Thus we show that our new system exhibits the ingredients of gelation and conclude that it represent a new class of material, non-sticky gels in which attractions are not present.
I. INTRODUCTION
Gelation, the emergence of a network of arrested material with finite zero-shear modulus upon slight cooling is among the most striking everyday features of condensed matter [1] and is an example of viscoelastic phase separation where a contrast in viscosity between the two phases is crucial to the formation of a long-lived network [2] . Gels can be soft (and biological) materials such as proteins [3] , clays [4] , foods [5] , hydrogels [6] and tissues [7] . In addition a more diverse range of materials including granular matter [8] , phase-demixing oxides [9] and metallic glass formers [10] also exhibit gelation. The mechanical properties of gels are influenced by their structure both locally [11, 12] and at a macroscopic level through percolation of particles [13] and network topology [14] .
Despite its widespread occurrence, a complete understanding of gelation remains a challenge [1] . Two properties unify particulate gels so far produced. Firstly, the constituent particles experience an attraction to one another (which may be effective, induced for example by depletion effects from added polymer [15] or DNA [14] ). Secondly, with some exceptions [12] , both phases are isotropic. The role played by the interparticle attraction is intimately related to the phase behaviour. In the case of gelation, spinodal decomposition (immediate demixing) leads to a phase rich in particles which is of sufficient colloid volume fraction that its high viscosity results in a long-lived percolating network in which full demixing is suppressed [1, 2, 16, 17] . Thus colloidal gels exhibit dynamical contrast between the phases formed through spinodal decomposition [18] .
Here we depart radically from this paradigm: we use a system of polydisperse hard rods which feature no meaningful attractions. Nevertheless in such a system, spinodal decomposition occurs from a thermodynamically unstable isotropic fluid to an isotropic fluid and nematic colloidal liquid crystal [19] [20] [21] .
But what of the dynamics -why should the phase separation in our system arrest such that a gel forms? Crucially, the nematic phase exhibits an anisotropic viscosity. Although the viscosity along the director is comparable to that in the isotropic phase, perpendicular to the director, the viscosity is around three orders of magnitude higher for our system, which is comparable to the (isotropic) dynamic contrast found in systems of attractive spheres [17, 18] . We thus argue that polydisperse hard rods in which there is no attraction can in principle feature some of the properties required for spinodal gelation. Specifically, these amount to spinodal demixing (which produces a percolating network of the nematic phase). As for the dynamics, we shall show that the rods align parallel to the "arms" of the gel, and thus while there may be flow along the arms, flow perpendicular to the arms is very strongly suppressed.
II. EXPERIMENTAL AND SIMULATION
Our colloidal rods have a mean aspect ratio L/D = 24.6 and exhibit two features which are important here. Firstly they are hard, that is to say there is no evidence for any attraction [22] . This means that any gelation behaviour we find occurs without attractions or even effective attractions such as those found in colloid-polymer mixtures [15] . Secondly, the rods are rather polydisperse in length (35% → L = 723 ± 254 nm) leading to a large gap in density between isotropic and nematic phases at phase coexistence. While this coexistence gap might shrink on long timescales due to segregation of the polydisperse rods [23] , this is suppressed by the slow dynamics of the nematic phase and no evidence of segregation FIG. 1: Schematic illustration of anisotropic viscoelastic phase separation. Spinodal decomposition leads to a percolating network of isotropic (I) and nematic (N) (which is bicontinuous in 3d). (a) Inset shows that rods align parallel to the local axis of the network. We expect that the viscosity along the local nematic axis is low enough to permit flow, while perpendicular to the director, flow is strongly suppressed. (b) Snapshot of a thin slice of a simulation box of rods at φ = 0.140. The colours indicate the local order parameter Si of each rod i (see Appendix), and range from dark blue for isotropic rods to green for nematic rods.
is seen on the experimental timescale.
For our simulations, we modelled the experimental systems using rods with no attraction between them. The dynamics analysis were carried out using 65000 rods with polydispersity only in length. Our model particles follow a Gaussian distribution with an average rod length of L = 24.48σ ± 9.06σ. Three different packing fractions are explored here for this system: φ = 0.012 (isotropic), φ = 0.145 (coexistence) and φ = 0.357 (nematic). For φ = 0.145 we found a coexistence phase with around 40% of the rods in a strong nematic phase. The snapshots showed in the present work correspond to a bigger system of 180000 rods made with an average rod length of L = 24.48σ ± 9.08σ and a packing fraction φ = 0.140 which corresponds to a coexistence phase. Further details, for both simulations and experiments, may be found in the Methods and Appendix.
III. RESULTS
Our presentation of results is as follows. First we consider the phase behaviour. While the isotropic-nematic transition of long rod-shaped particles has been known since the pioneering work of Onsager [24] , our results show the importance of polydispersity on broadening the coexistence gap relating to the isotropic-nematic transition, leading to a nematic phase whose density is around nine times that of the coexisting isotropic phase. Now the viscosity of the nematic phase varies markedly with respect to the mean rod orientation [25, 26] , which has profound consequences for the behaviour of the networks we obtain.
Secondly, we consider spinodal decomposition, which we demonstrate leads to a percolating network of nematic phase. We then determine the dynamical asymmetry between the isotropic and nematic phases and find the latter to be very much more viscous than the former, for flow perpendicular to the director. Finally we consider coarsening of the network. We find behaviour broadly similar to that known for spinodal gels formed of spheres [16, 18, 27 ], but we emphasise that the gels we obtain may exhibit flow along (but not perpendicular to) channels comprised by the nematic phase (Fig. 1) .
A. Phase Behaviour
We present the phase diagram of our system in Fig.  2 . Here we consider the fraction of nematic phase f nem as a function of rod volume fraction φ. The data we obtain from bulk observations of phase coexistence (see SI). The key point is that the isotropic-nematic phase coexistence is very substantially broadened due to polydispersity, as indicated in the yellow shaded region in Fig.  2 . Such broadening due to polydispersity is in quantitative agreement with theoretical predictions for hard rods [23, 28] . The ratio of the (effective) volume fractions of the nematic and isotropic phases for our polydisperse system is φ coex nem /φ coex iso = 0.215/0.024 = 9.00, while that for a monodisperse system of the same aspect ratio L/D = 25, is just φ coex nem /φ coex iso = 0.157/0.127 = 1.22 [29] . Thus polydispersity massively increases the density difference between the isotropic and nematic phases. A further interesting observation concerns the shape of the nematic regions as shown in the confocal image in Fig. 2(a) . Here the contrast is due to the much higher concentration of rods in the nematic compared to the isotropic phase, and the brightness levels are set such that isotropic appears dark. Nucleating nematic droplets are expected to be elongated in shape, approximately elliptical, but with sharp ends (i.e. tactoids), as has been observed in experiments on more monodisperse systems than those we consider here [30, 31] . Here we see a rather different geometry: the nematic regions are elongated, but there are no sharp tactoidal ends, rather a bicontinuous network with the isotropic is formed [ Fig. 2(a) ]. We presume this is related to the spinodal decomposition that our system selects (rather than nucleation and growth) as a mechanism of phase separation, of which more below. In Fig. 2 (b) an image from polarising optical microscopy is shown. Here the texture of the nematic phase is rather different to that found previously, where the more monodisperse rods exhibited nucleation and growth for certain state points [19] .
B. Spinodal decomposition
Allied with the observation of morphology distinct from that of (isolated) tactoids anticipated in the case of nucleation and growth, we find the isotropic-nematic phase separation occurs in a spinodal-like fashion. Even at the shortest observation time accessible to our experiments (45 s) and at the weakest supersaturation (φ=0.021) we never observed nucleation and growth. That is to say, we never observed nucleation of nematic regions, these had always formed prior to our shortest observation time.
Gels often exhibit a bicontinuous texture. In Fig. 3 (a) we show a 3d rendering of regions identified as nematic. We have confirmed that the regions identified as the nematic phase indeed percolate in all three dimensions and thus conclude that the percolation requirement for gelation is met. Close inspection of data such as that rendered in Fig. 3 (a) suggests some alignment. We believe this is related to the capillary into which the sample is flowed for imaging, and may present an opportunity to produce networks whose orientation may be controlled. This novel, potentially tunable self-assembled geometry may find applications for example in microfluidic devices.
C. Dynamics
We now turn to the dynamical asymmetry between the phases which is a necessary ingredient for viscoelastic phase separation, i.e. spinodal gelation [2] . We shall see that our system exhibits a rather unusual class of dynamic asymmetry, due to the anisotropic dynamics of the nematic phase. To measure the dynamical behaviour in our experiments, we use a time correlation function c(t), which is based on pixel intensities and developed from that used for differential Fourier imaging [32] . In Fig. 3(b) we fit the time correlation function according to a stretched exponential form c(t) = c 0 exp[−(t/τ ) b ] where c 0 and b are constants to obtain a measure of the structural relaxation time τ . From our fitting, we determine relaxation times of τ = 270 ms for the isotropic and τ = 202 s for the nematic, thus indicating a considerable degree of dynamic asymmetry of three orders of magnitude. See Methods and Appendix for further details. Our experimental data suggest that this dynamical asymmetry is comparable to the differences in dynamic properties of fast and slow phases in gels made of spheres [18] . However, simulation data reported in Fig. 3(c) suggest that the situation is profoundly different to gels formed of spheres: the dynamics of the nematic phase are such that the relaxation time perpendicular to the director is around a thousand times longer than along the director. This leads to a long-lived network of flowing channels. We set the wavevector k such that the lengthscale over which the dynamics are probed is comparable to that probed in the experimental data in (b). Here the volume fraction φ = 0.12 and φ = 0.36 for the isotropic and nematic data respectively. We note that these values vary from the experiments.
The main result here is qualitative: nematic and isotropic phases have strong dynamical contrast and thus we argue that both key ingredients for gelation are present: dynamical contrast between the two phases and spinodal decomposition leading to a bicontinuous network of nematic and isotropic.
Now the volume fractions in the simulations are rather higher than the corresponding experiments. However, determining effective volume fractions in experiments is a notoriously challenging task [33] . We further leave the accurate determination of the equilibrium phase diagram of this system to the future, noting that the network we have formed is out of equilibrium, and that the experiments and simulations follow different dynamics.
D. Coarsening
A further key feature of gels formed by spinodal decomposition is that they coarsen over time, and this is governed by the dynamics of the more viscous phase [2, 18, 27] . Our system is no exception and in Fig. 4 we present the coarsening behaviour. The confocal images in Figs. 4(a) and (b) clearly show structural evolution of the nematic network for φ = 0.043 at t = 149 and 993 s from the start of the experiment. To obtain a quantitative description of coarsening, we obtain a lengthscale from the domain size. To do this we fit h(r) = g(r) − 1 with an exponential decay h(r) = A exp(r/ξ) where A is a constant and ξ is a correlation length which measures the extent of the nematic domains. Here g(r) is the pixel based radial distribution function. See Appendix for details. Note that we have imposed a spherically symmetric lengthscale on a system of anisotropic particles. We have also investigated three-body correlation functions which probe the anisotropy of the system at a microscopic level, but few additional features are revealed (Appendix) and thus we restrict ourselves to the spherically symmetric analysis shown in Fig. 4(c) . The lengthscales resulting from fitting h(r) are shown in Fig. 4(d) for a range of rod volume fractions. At early times, for our deepest quench (φ = 0.066), the initial growth rate has an exponent > 1/2, as indicated by the solid line in Fig. 4(d) . This is faster growth than for gels formed of spheres [18, 34] . However at longer times and for weaker quenches, the growth rate is reduced and for certain values is compatible for that of diffusive growth of 1/3 (dashed line in Fig.  4(d) ).
IV. DISCUSSION
We have argued that the properties of particulate gels, which have until now been associated with systems of attractive particles can in fact be realised with hard particles in the form of polydisperse rods. By conceptual arguments, based on the dynamical contrast between the isotropic and nematic phases and spinodal demixing, we have made the case that such gels may be found in hard rods of sufficient polydispersity, with the novel feature that the viscosity of the nematic network is anisotropic: material can flow along the interior of the "arms" of the network.
We have then realised this prediction using a colloidal model system of such polydisperse hard rods of sepiolite clay, and presented four key pieces of evidence in support of our claim. Firstly, the phase coexistence in these polydisperse hard rods is broad enough that the density of the nematic phase (some 9 times higher than the coexisting isotropic phase) is sufficient that significant dynamic contrast between the phases is expected. Secondly, we have shown that the nematic phase percolates. Thirdly, we determine the dynamic contrast, with the nematic phase being very much more viscous than the isotropic phase in our experiments, but our simulation data reveals strong anisotropy in the dynamics of the nematic phase. In particular, the rods can flow along the director, but exhibit significant dynamic slowing perpendicular to the director. Finally, we have shown coarsening behaviour of the nematic domains, which is characteristic of domain coarsening in spinodal gels. We thus demonstrate a new class of "non-sticky" gels.
We note a novel feature of our system distinct from gels formed of spheres. In the case of spheres, as indicated in the phase diagram in the inset of Fig. 2 , the density of the colloid-rich phase is a strong function of attraction strength and at high density the dynamics of spheres are a strong function of density [18] . Thus, (in addition to the effects of changing the interactions between the particles), the attraction strength provides a parameter by which the density of the colloid-rich network may be controlled. In particular, one finds that moving deeper in the gel region of the phase diagram upon increasing the attraction, that the rate of coarsening slows drastically, owing to the slower dynamics of the increasingly dense colloid-rich phase of spheres [2, 18] .
In the case of our rods, the situation is profoundly different. In this athermal system, the volume fraction of the nematic phase is fixed at φ = 0.215. We see in Fig.  4 that, rather than slowing down upon moving deeper into the gel region by increasing φ, the rate of coarsening actually accelerates. We presume this is due either to the increased thermodynamic driving force for phase separation upon increasing φ or due to some coupling between the dynamic anisotropy of the nematic phase and the size of the domains. It would be very interesting to explore whether the same behaviour might occur in the case of spheres by moving horizontally across the gel region of the phase diagram in the (ε, φ) plane, as indicated by the dashed black line in Fig. 2c , rather than vertically by changing the attraction strength ε as is usually done.
It is possible to add attraction between the particles to this system by adding polymers, and this has been done for colloidal rods [35] . For small amounts of polymer, we expect a broadening of the isotropic-nematic phase coexistence [36] . Under these conditions we expect that the gelation we observe here would be even more marked because the dynamic contrast between the phases would be even larger, but qualitatively similar. However upon addition of sufficient polymer leading to stronger attraction, we expect that gels may form due to an isotropicisotropic instability reminiscent of those which form in spheres due to a liquid-gas demixing. This would be expected to occur at rather lower volume fractions than we observe here [36] . Such attraction-driven gels of colloidal rods have indeed been observed [35] . We have also observed that no tactoids are seen, although such features are often associated with isotropic-nematic demixing of monodisperse rods [30, 31] . Given that systems of colloidal rods in many applications are rather polydisperse, it is clearly important to establish conditions under which tactoids are actually observed. This further leads to the question as to whether a more polydisperse system than those we have considered would in fact lead to a nematic phase with even slower dynamics than that we observe here.
A natural extension of this work is to enquire whether such behaviour is restricted to rod-like particles. We expect that this "non-sticky" gelation may be exhibited by a variety of anisotropic particles, which exhibit a phase coexistence gap such that the viscosity of the coexisting phases is sufficiently different. The dynamic anisotropy of course depends on the shape of the particles, but we expect that plate-like particles may exhibit comparable behaviour, if the coexistence gap between their isotropic and columnar phases is large enough. More generally the phase behaviour of a large variety of anisotropic hard particles has recently been calculated [37] . Determination of coexistence gaps, and particularly dynamic contrast between their coexisting phases, likely in the case of polydispersity, may show that a wide range of particle shapes exhibit non-sticky gelation.
Methods
Sample preparation. -Colloidal rod suspensions were made using sepiolite mineral clay particles. The zeolitic water was displaced by the fluorescent dye acridine orange [38] . The dye-doped particles were treated with surfactant cetyltrimethylammonium bromide (CTAB, C 19 H 42 BrN, BDH) solution in deionized water and centrifuged. The clay particles were dispersed in toluene and stabilized using a polymer coating of SAP230 (Infineum, UK). Further details can be found in the SI.
Confocal imaging. -Confocal images of suspensions of fluorescently labeled sepiolite particles were obtained with a Leica TCS confocal microscope using a white light laser emitting at 500 nm. Borosilicate glass capillaries with cross sections of 1 × 0.1 mm were filled with rod suspensions at volume fractions of 0.02 < φ < 0.07 and glued to microscope slides with epoxy. The samples were stirred using a vortex mixer for one minute before filling the capillaries, t = 0 s is defined as the moment when the stirring stops. The pixel size was close to 150 nm, which is around five times the rod diameter. This sets the lengthscale over which the dynamics are probed in Fig. 3(b) .
Time correlation functions. -The difference in dynamics between the isotropic and the nematic phase was characterised using time sequences of xy images. The time resolved correlation (TRC) technique [32] was used in images at t and t + t values, where t represents the time over which the correlation is made. This technique measures the change in configuration by calculating the degree of correlation in the images. This correlation is calculated using individual pixel intensity values I(r, t) of the images captured, and can be written as
pix indicates average over all the pixels in the image. The correlation index C i (t, t ) can be normalized as c(t, t ) = C i (t, t )/C i (0, t ). to obtain a measurement of the relaxation time in each phase.
To obtain fully demixed isotropic and nematic phases, a suspension in the coexistence regime was allowed to phase separate in a capillary for 48 h. This compares to the timescale of the gel which is several hours. Each phase was imaged far from the interface and the walls of the capillary. Two different time steps τ were chosen: 0.020 s for the isotropic phase and 1 s for the nematic phase. The data shown in Fig. 3(b) has been corrected to account for noise in the intensity measured with the confocal microscope. This correction was made by normalizing the c(t) values obtained with the first point in the correlation curve. To make the dynamic contrast clear, we subtract the constant value that c(t → ∞) approaches at long times, prior to the fitting in Fig. 3b .
Simulation model. -We modelled our colloidal rods as linear rigid bodies composed of several spheres that interact only with the spheres of neighbouring rods via a Weeks-Chandler-Andersen potential,
where r is the center-of-mass distance between two spheres, σ is the approximated diameter of the repulsive core and is the strength of the interaction in units of k B T . For simplicity we have set = 1 and σ = 1, and the unit of time τ sim = mσ 2 /k B T . Two spheres were used for each rod segment of length 1σ, giving a total of 3117060 spheres for the small box of 65000 rods and 8632884 spheres for the big box of 180000 rods. The packing fractions reported were calculated by modelling the rods as hard spherocylinders with diameter D = σ = 1 which gives an approximation to an effective hard body core.
For our simulations we used the open source MD simulation package LAMMPS [39] , which has a dynamical integrator for rigid bodies [40, 41] . To simulate our experimental conditions, we equilibrated first a system of polydisperse rods at a low packing fraction (φ 0.01) in a NVT ensemble using a Nóse-Hoover thermostat with chains [42] . After this, an NPT ensemble with a Nóse-Hoover barostat and thermostat with chains was used to reach the desired concentrations. A final equilibration run was carried out in an NVT ensemble as in the first equilibration. Periodic boundary conditions are always applied. While here we use MD, in contrast with the dynamics of the experimental system (Brownian dynamics with hydrodynamic interactions), we have shown recently that gels of attractive spheres can reproduce experiments with MD [17] .
Local order parameter. -In the coexistence region the nematic clusters were identified by calculating the local orientational order parameter [43] of a rod i, which is defined by
whereê α is the orientation vector of a particle α = i, j. n j is the number of rods j which are at a surface-tosurface distance of closest approach ρ ij from a rod i. Here we have set ρ ij = 2.0σ.
Intermediate scattering function. -The self part of the intermediate scattering function of our simulation systems was calculated using,
were N is the number of rods. To focus on the dynamics parallel and perpendicular to the nematic directorn, the simulation boxes were rotated such that the director is aligned with the z axis (ẑ =n). The self part of the ISF is reported as a function of the time and the radial average k αβ of the k vector in the planes xy, xz and yz. For our simulations we chose a k value of 0.4986 for the nematic phase and 0.4983 for the isotropic phase.
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Appendix A: Experimental details
Preparation of clay suspensions
The sepiolite clay rod like particles were fluorescently labeled with acridine orange (AO, Sigma Aldrich) [38] . 12 g of sepiolite were dissolved in 350 mL of deionized water and stirred for 2 h, after which the mixture was immersed in a sonic bath for 1 minute (IND 500D, Ultrawave). 1.0 g of acridine orange were dissolved in 80 mL of deionized water. The dye solution was then added to the clay slurry and left stirring overnight. The mixture was transferred into glass petri dishes and air dried. The dried clay-AO mixture was then heat treated in a vacuum oven at 120
• C for 16 h. To remove the excess dye on the surface of the clay particles, the dried clay-AO mixture was subjected to Soxhlet extraction with hot methanol for 72 h [38] . The cleaned sepiolite-AO mixture was air dried and ground.
The dye-doped particles were then treated with surfactant. 10 g of dye-doped clay and 700 mL of deionized water were stirred for 1 h followed by the addition of 200 mL of a 0.03 M cetyltrimethylammonium bromide (CTAB, C 19 H 42 BrN, BDH) solution in deionized water.
The mixture was stirred for 24 h and then centrifuged at 11000 g for 1 h. The supernatant was replaced with water, redispersed and centrifuged again; this cleaning procedure was repeated two more times. The final sediment was dried in a vacuum oven at 60
• C for 16 h. The treated clay was then ground.
The clay particles were dispersed in toluene and stabilized using a polymer coating. Propylene carbonate (PC, C 4 H 6 O 3 , Acros Organics) was used to disperse the particles in toluene before any polymer was added [44] . A 5 wt% suspension of treated clay in dried toluene was stirred for 2 h, then 5 wt% of PC (relative to the clay mass) was added to the mixture and left stirring overnight. The mixture was then shear mixed for 1 minute at 25 krpm (T-18 basic, Ultra-Turrax), after which it was immersed in a sonic bath for 1 minute. Then a SAP230 (Infineum, UK) solution in toluene was added at 20 wt% concentration at a treated clay to SAP weight ratio of 2:1 and left stirring overnight. The suspension was then centrifuged at 1000g for 10 min and the sediment discarded. The remaining supernatant was centrifuged at 11000 g for 1 h. The new supernatant was then replaced with clean toluene and the sediment was redispersed, then centrifuged again at 11000 g and the supernatant replaced once more with clean toluene; this cleaning procedure was repeated twice. The mass concentration of the final suspension was found by drying a small sample. A final 4 wt% of PC, relative to the treated clay mass, was added to the colloidal suspension. The 4 wt% concentration of PC was kept constant for all concentrations of the suspension. After long times (¿2 hrs), some sedimenation was observed. In Fig. 1a in the main text, we report the volume fraction φ = 0.13 corresponding to the region of the sample in which the image was taken. All other data was taken before the effects of sedimentation were observable, i.e. less than 1000 s.
Sample characterisation
The phase diagram of the isotropic-nematic transition was obtained by filling capillaries of 50 × 2 × 0.2 mm with samples at different mass fractions m and allowing them to phase separate for 48 h. Photographs of the capillaries between crossed polarisers were used to calculate the nematic fraction for each m by measuring the height ratio of the nematic phase. Figure 5a shows an example of the images used.
Transmission electron microscopy (TEM, JEOL JEM 1200-EX) was used to measure the particle dimensions (Fig. 5) . The sample was prepared by drying a drop of the dispersion at 0.01 wt% onto a coated copper grid. Diameter D and length L average values were obtained by measuring at least 120 particles for each quantity. The values obtained from TEM do not include the thickness of the polymer layer, which extends when the particles are in toluene. The thickness of the layer was assumed to be δ = 4 nm [45] , with effective particle dimensions of D = D + 2δ and L = L + 2δ. The dimensions measured for the particles used in the present work were L = 723 ± 255 nm and D = 30 ± 6 nm. To account for the polydispersity, the effective aspect ratio L /D and its corrected standard deviation σ LD were calculated as 24.6 ± 9.5 using a second-order Taylor expansion;
where σ D is the standard deviation of D .
To determine the effective volume fraction φ, we assumed that the particles have an effective shape of a cylinder of diameter D and length L enclosing the cuboid. The effective volume fraction is then calculated as
where we have taken into account polydispersity and where φ bare is the true volume fraction neglecting the electrostatics.
Appendix B: Determination of two-body and three-body correlations
The radial distribution function g(r) and the three body correlation function g 3 (r, θ) were calculated for pixels that represent the nematic regions. To do this, each image was binarised into nematic and isotropic according to the pixel intensity relative the average intensity for each image. Pair correlations were then determine based on pixels identified as nematic [46, 47] .
In the case of the three body correlation function, we chose to use equal separation r and two different angles between the two sets of connected pixels θ = π, π/2 [48] . Each 3d image had approximately 3.5 × 10 8 voxels. To accelerate the calculations, g(r) and g 3 (r, θ) were obtained using 1 × 10 5 and 5 × 10 5 white pixels respectively. The correlations obtained from those calculations are related with the structure of the nematic region and not with the orientation of the rods whose width lies well below the resolution of the confocal microscope.
To obtain characteristic lengths of the nematic regions ξ, we fit h(r) = g(r) − 1 and h 3 (r, θ) = g 3 (r, θ) − 1 with a exponential decay. The results for the two-point (pair) correlation function h(r) are shown in Fig. 3c of the main text. Figure 6 shows equivalent results for h 3 (r, π/2) and h 3 (r, π). The correlation function with bond angle π, h 3 (r, π) does give some indication that the nematic domains are somewhat anisotropic (Fig. 6d) , compared to the case wher ethe angle is π/2 (Fig. 6c) but the effect is not extreme. Moreover the values obtained are in general smaller to the ones obtained from h(r). We conclude that the nematic region exhibits some anisotropy, perhaps because their typical separation of nematic regions is comparable to or less than their length. As is the case with the two-body correlations (Fig. 3) , we do observe an increase in the size of the nematic regions with time. 
